Aim: This study was conducted to compare predictive accuracy of the available pharmacogenetics (PGx)-guided warfarin dosing algorithms derived from Caucasian, Asian, and mixed population to identify a suitable algorithm for Thai population.
| INTRODUCTION
Despite the availability and the ease of use of nonvitamin K oral anticoagulants (NOACs), warfarin is still a commonly used oral anticoagulant for the prevention and treatment of thromboembolic disorders in developing countries or circumstances where NOACs are not indicated. 1 Given complex pharmacokinetics and pharmacodynamics of warfarin, its dosing has never been straightforward. By far, the most common dosing strategy for initiating warfarin is the standard fixeddose method. 2 For certain patients needing extremely low or high doses, using fixed dosage regimen might result in either excessive anticoagulation causing bleeding or insufficient anticoagulation leading to embolic events in certain patient. The observed bleeding rate caused by improper warfarin dosing was reported as high as 10%-16%
per year. 3 To alleviate this problem, personalized warfarin dosing approach using clinical and genetic data might be an option. and EU-PACT trials, 9, 10 were conflicting in terms of benefit of using PGx-guided warfarin dosing approach in practice with a possible harm that was observed in African American, evaluation for clinical utility of PGx-guided warfarin dosing in different population groups with different genotype characteristics is still worthwhile. Accordingly, we conducted this study to compare predictive accuracy of the published PGx-guided warfarin dosing algorithms, including those developed from mixed races, East Asian, South-East Asian, and Thai algorithms, to identify the most appropriate algorithm for Thai patients.
| MATERIAL AND METHODS

| Data source
Demographic, clinical, and genetic data from the previous epidemiologic studies of the patients receiving warfarin at two tertiary care university hospitals in Thailand during 2009-2010 were used as references for actual warfarin maintenance doses. 11, 12 Data of the patients with the following criteria were considered eligible for this study: (1) age ≥18 years, (2) 
| Algorithm selection
The two available Thai algorithms (Sangviroon et al and Sarapakdi et al algorithms) 12, 13 were selected by default based on the aim of this study. A comprehensive search for non-Thai PGx-guided warfarin dosing algorithms was then performed in PubMed using multiple combinations of the following search terms: "warfarin, algorithm, model, polymorphism, pharmacogenetics, SNP, variation, CYP2C9, VKORC1". The values are from the original algorithm validation studies.
| Data analysis
Demographic, clinical, and genetic data of the patients are presented as mean ± standard deviation or frequency (% 
| RESULTS
| Screening and selection of published warfarin dosing algorithms
Ten algorithms developed by Sconce et al, 15 IWPC, 16 Gage et al, 17 Huang et al, 18 Miao et al, 19 Tham et al, 20 Cho et al, 21 Ohno et al, 22 Sangviroon et al, 13 and Sarapakdi et al 12 were chosen to assess predictive accuracy. A brief summary of key characteristics of each algorithm is shown in Table 1 . Among these algorithms, IWPC and 
| Baseline characteristics and genetic data
There were 251 patients screened and 86 patients were excluded. A total of 165 Thai patients were eligible for the study. Demographic data are summarized in 97.3% and 2.7%, respectively. All genotypes were in Hardy-Weinberg equilibrium.
Significant differences in warfarin maintenance dose among patients with different combination of VKORC1 and CYP2C9 genotypes were observed (P < .01) ( 
| Comparison of algorithms' predictive accuracy
Predicted, actual warfarin maintenance doses, and MDE of each algorithm are shown in Table 4 
| DISCUSSION
The results of this study confirmed that available warfarin dosing algorithms yielded different predictive ability. To our best knowledge, this is the first study that extensively investigated performance of the In addition, we also found Tham et al algorithm performed poorly across the 3 indicators for predictive accuracy, with a tendency to significantly overestimate warfarin maintenance dose, suggesting that this algorithm should be avoided in Thai population given a concern for bleeding risk. The possible reason for this observation in our population is that this algorithm is a multiethnic algorithm derived from Chinese, Malay, and Indian which the Indian has a unique genetic pattern of VKORC1 genotype, particularly a SNP at position 861 of the VKORC1 reference sequence. This VKORC1 polymorphism is commonly found in approximately 76%-85% of Indian population, compared with 10%-12% in East Asian population, and had been shown to associate with approximately twice higher warfarin dose requirement compared with those carrying common VKORC1 genotypes (AA or GA at −1693 position) which found in 80%-90% of East Asian population. 20, 27, 28 For this reason, the data used for developing prediction algorithm in Tham et al algorithm were already accounted for the effect of this unique VKORC1 genotype which could result in overestimation of warfarin dose requirement as observed in our study.
Although our study has comparatively small sample size which may limit statistical power and genotype diversity, all genotypes were in Hardy-Weinberg equilibrium. In addition, genotype frequencies of our study were consistent with the previously published data on CYP2C9 and VKORC1 frequency in Thai population. 13, 29, 30 It is worth noting that some warfarin dose-affecting genotypes, for example CYP2C9*5, *6, *8, *11, or
CYP4F2, 31 were not tested in this study and could reduce the predictive ability of certain algorithms such as IWPC or Gage et al that account for these untested genotypes. Furthermore, due to a retrospective nature of our study, we could not obtain certain demographic information, such as alcohol status, dietary supplements, and concurrent medications, which could affect warfarin dose requirement, and possibly performance of the studied algorithms. 
| CONCLUSIONS
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